1. The appearance of exogenous cholesterol in free cholesterol and ester cholesterol of plasma chylomicra, very-low-density (VLD), low-density (LD) and high-density (HD) lipoproteins was studied in unanaesthetized rabbits after ingestion of a meal containing 5 % fat and 0.08 % [3H]cholesterol. 2. The specific radioactivity of ester cholesterol of VLD lipoproteins reached the highest value of any lipoprotein fraction and for each lipoprotein it increased at a faster rate and reached a higher maximum than that of free cholesterol; the maximum in VLD lipoproteins occurred later than in chylomicra. 3. The pattern of appearance of exogenous cholesterol in chylomicra and VLD lipoproteins of plasma was similar to the pattern previously observed in lymph. The specific radioactivity of ester cholesterol in plasma VLD lipoproteins was higher than that in chylomicra in spite of a larger pool size and dilution of cholesteryl esters from VLD lipoproteins produced by the liver. These results support the concept that during absorption the major portion of exogenous cholesterol is transported in VLD lipoproteins as ester cholesterol. 4. The specific radioactivity of ester cholesterol of chylomicra and VLD lipoproteins increased at a faster rate than that of LD and HD lipoproteins. However, the rate of increase and the absolute values of the specific radioactivity in LD and HD lipoproteins were identical. Since cholesteryl esters are thought not to exchange between lipoproteins, this observation supports the hypothesis that a result ofVLD lipoprotein and chylomicron metabolism is the formation of LD and HD lipoproteins. 5. Results in vivo showed that the free cholesterol of individual plasma lipoproteins does not equilibrate within a period of 24h.
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Many reports (Miettinen, 1957; Vannini & Barbara, 1958; Grundy & O'Neal, 1963; Chung et al., 1969) show that the distribution of cholesterol among plasma lipoproteins in normal rabbits is similar to the distribution in normal humans (Fredrickson & Levy, 1972) although absolute concentrations in humans are higher. The present report provides further documentation of this similarity. Rabbits fed on diets high in cholesterol have long been known to exhibit increased plasma cholesterol concentrations with the subsequent development of atherosclerosis. These findings establish the rabbit as a valuable experimental model for study of the relationship between exogenous cholesterol metabolism and plasma lipoprotein metabolism. In spite of this, most of the work relating these two areas of lipid metabolism has been carried out in other species.
In a previous study (Rudel et al., 1972) rabbits were fed on a diet with a low cholesterol-moderate fat content and sequential lymph samples were obtained between 3 and 24h post-prandially. We found that labelled exogenous cholesterol was preferentially transported as cholesteryl ester inVLDlipoproteins.t At all time-intervals VLD lipoproteins had a higher concentration of exogenous cholesterol than did chylomicra and together these lipoproteins accounted for over 90 % of the exogenous cholesterol in lymph. It was decided to follow the subsequent fate of the exogenous cholesterol of these lipoproteins after they entered the circulation.
Materials and Methods
New Zealand white rabbits of both sexes weighing between 3-4kg were used in these studies. Animals were trained to eat meals as described by Rudel et al. (1972) . Diet Sample collection and subsequent fractionation Blood was obtained from each animal at four timeintervals after the ingestion of a meal. Each sample of blood (10-12ml) was collected from the marginal ear vein of unanaesthetized rabbits into tubes which contained EDTA (1 mg/ml) to inhibit clotting and 5,5'-dithiobis-(2-nitrobenzoic acid) (Sigma Chemical Co., St. Louis, Mo., U.S.A.) as an inhibitor of plasma phosphatidylcholine-cholesterol acyltransferase (Gidez et al., 1967) . Plasma was separated from erythrocytes by centrifugation at 10OOg for 15min at room temperature immediately after collection. Chylomicra were isolated without delay after layering plasma under buffered solution of d 1.006 (Scanu & Granda, 1966) followed by centrifugation at 20000g for 30min (1 x 106gav.-min) at 150C in a Sorvall RC-2 centrifuge (type SS-34 head). Tubes were cut with a tube slicer and the top turbid fraction was then removed. The remaining plasma lipoproteins (VLD, LD and HD lipoproteins) were isolated by sequential ultracentrifugation in an L2-65B ultracentrifuge (Beckman Instruments, Palo Alto, Calif., U.S.A.) with an SW-40 rotor at 15°C as described by Havel et al. (1955) and modified as described by Radding & Steinberg (1960) . Isolated lipoprotein fractions were stored at 4°C until analysed. (Analyses were completed within 2 weeks of collection.) VLD-, LD-and HD-lipoprotein fractions isolated in this way were essentially free of other lipoprotein classes as seen after lipid staining of agarose gels after electrophoresis (Plate 2) and they were not subjected to further centrifugation. The chylomicron fraction contained several lipid-staining components, which could not be removed by repeated centrifugation.
Agarose electrophoresis
Agarose electrophoresis (Noble, 1968) (Chylomicra were present in too small a quantity to be determined by this technique.) When the cholesterol distribution among lipoproteins of plasma samples was determined, the absolute values for each fraction were based on a determination of total plasma cholesterol. The validity ofthis technique was checked, in a separate group of determinations of plasma lipoprotein cholesterol distribution, by the method of Fredrickson et al. (1967) . This method employs an initial centrifugation at d 1.006 and a heparin-Mn2+ precipitation, after which the cholesterol distribution is determined. Both methods gave identical results.
Extraction and analysis of samples
Lipoprotein solutions were extracted in chloroform-methanol (2: 1, v/v) by the method of Bragdon (1960) with a solvent/solute ratio of 25: 1. Samples of the chloroform layer were evaporated under N2, transferred to t.l.c. plates, and the lipids separated as described by Rudel et al. (1972) . Cholesteryl ester from the t.l.c. plate was saponified. Free cholesterol and ester cholesterol were determined by using
[14C]acetyldigitonin precipitation (Morris, 1965) , as was total cholesterol determined directly after saponification. After double-radioisotope counting, d.p.m. and specific radioactivity were calculated by computer by using the channels-ratio method for quench correction (Peng, 1970) .
Statistics
Statistical analyses of differences in the specific radioactivities of ester cholesterol and free cholesterol were performed by using the paired t test, or where a non-parametric method was necessary, the signed rank test for paired samples was used (Snedecor & Cochran, 1967 Lipoproteins isolated by ultracentrifugation from sequential plasma samples were checked for purity by using agarose electrophoresis and lipid staining (Plate 2). Strip 2 shows plasma after chylomicra were removed by centrifugation. Electrophoresis of chylomicra (strip 3) showed detectable Oil Red 0-staining material in the regions of other lipoproteins. Electrophoresis of LD, VLD and HD lipoproteins showed the presence of a single major band for each fraction although small amounts of material in the LD-lipoprotein region were usually found in the HD-lipoprotein fraction. Fig. 1 shows the mean values for the specific radioactivity of free cholesterol and ester cholesterol of plasma lipoproteins isolated from four sequential plasma samples obtained from eight rabbits, three animals at 3, 6, 12 and 24h, and five animals at 3, 9, 15 and 24h. In every plasma lipoprotein, the specific radioactivity of the ester cholesterol increased at a more rapid rate than that of free cholesterol and reached a higher maximum. The difference between specific radioactivity of ester cholesterol and free cholesterol was highly significant (P<0.001); in all of the 104 paired observations for plasma lipoproteins, the specific radioactivity of the ester cholesterol exceeded that of the free cholesterol.
To study the pattern of change in specific radioactivity of ester cholesterol among individual lipoprotein classes, irrespective of differences in absolute values between animals, values for each lipoprotein fraction in each animal were expressed in terms of the 24h value for VLD lipoprotein = 100%. The results in Fig. 2 Table 1 . The specific radioactivity in VLD lipoprotein was significantly higher than in chylomicra at the 7.5, 13.5 and 24h time-intervals and was significantly higher than in LD and HD lipoproteins at 3, 7.5 and 13.5h. The specific radioactivity in chylomicra was significantly higher than in LD and HD lipoproteins at the 3 and 7.5h time-intervals. The ratios between the specific radioactivities of free cholesterol of the individual lipoprotein classes are shown in Fig. 3 . Statistical analyses of differences are shown in Table 2 . The specific radioactivity in VLD lipoproteins was higher than that in chylomicra at all times studied; the difference was statistically significant at 7.5, 13.5 and 24h after feeding (Table 2) . Thus the chylomicra/VLD lipoproteins ratio was always less than 1 (Fig. 3) (Rudel, 1970) . The peak in specific radioactivity of ester cholesterol in plasma VLD lipoproteins occurred at approx. 13.5h after the meal and was later than the corresponding peak in plasma chylomicra. This temporal relationship was also found in lymph chylomicra and VLD lipoproteins (Rudel et al., 1972 (Glomset, 1968) . half that ofthe earlier study. For calculation purposes, the maximum specific radioactivity of the ester cholesterol of VLD lipoproteins was corrected to 2 x 10d.p.m./mg since dietary cholesterol specific radioactivities differed 2-fold. Thus the specific radioactivity ratio for lymph VLD/plasma VLD lipoproteins was 5:1 and the rate of ester cholesterol input from endogenous sources was calculated to be 12mg/h. The total calculated VLD lipoprotein ester cholesterol turnover was 15mg/h. On this basis, during the maximal rate of exogenous cholesterol absorption, the input of plasma VLD lipoprotein ester cholesterol from the liver appears to be 4 times faster than the rate of input from VLD lipoproteins of the lymph.
The plasma VLD lipoproteins contain about 10% of the plasma cholesterol. Assuming a plasma volume of 4% of body weight in 3.5 kg rabbits with an average cholesterol concentration of 75mg/dl, which was observed for these animals (Rudel, 1970) , the VLD lipoprotein pool size of total cholesterol is about 10mg. Since about 70% of total cholesterol in the plasma VLD lipoproteins is ester cholesterol (Rudel, 1970 ) the ester cholesterol pool size for plasma VLD lipoprotein ester cholesterol is about 7 mg. It can be calculated from these values that the turnover time in the rabbit for plasma VLD lipoprotein ester cholesterol is 28min and the half-time is 19min. This value is similar to the half-time calculated after reinjection of labelled VLD lipoproteins in rats (Ockner et al., 1969) and is comparable with the value of 13 min obtained in starved rabbits for VLD lipoprotein triglyceride by Havel et al. (1962) . Since the rate of turnover of VLD lipoprotein ester cholesterol and VLD lipoprotein triglyceride is similar, and since we found that exogenous ester cholesterol of plasma VLD lipoproteins does not undergo significant exchange, our results suggest that turnover of VLD lipoprotein ester cholesterol in the rabbit accurately reflects turnover of VLD lipoproteins per se.
Since many of the differences between the values of the specific radioactivity of free cholesterol in the various lipoproteins were highly significant, these studies demonstrate that all free cholesterol of plasma lipoproteins does not equilibrate in vivo. We have no evidence to indicate whether a rapidly increasing specific radioactivity in free cholesterol of lipoprotein indicates less dilution of exogenous cholesterol by rapid exchange, or whether the rate of entry of exogenous free cholesterol into this pool is higher, independent of random exchange rates. Based on the hypothesis of Gurd (1960) and work of Zilversmit (1968) , in which free cholesterol exchange is not dependent on enzyme activity, it would appear that the free cholesterol in the lipoprotein outer surface is in a different protein-phospholipid environment in each lipoprotein or that all free cholesterol is not in the outer surface and available for exchange.
